An Evaluaton of Real-Time Troposphere Products Based on mult-GNSS Precise Point Posi)oning by Ding, Wenwu et al.
An	Evalua)on	of	Real-Time	
Troposphere	Products	Based	on	mul)-
GNSS	Precise	Point	Posi)oning	
	Norman	Teferle1,	Wenwu	Ding1,2,	Kamil	
Kaźmierski3,	Denis	Laurichesse4,	Yunbin	Yuan2	
	
	
1)	University	of	Luxembourg,	Luxembourg	
2)	State	Key	Laboratory	of	Geodesy	and	Earth’s	Dynamics,	Wuhan,	China	
3)	Wroclaw	University	of	Environmental	and	Life	Sciences,	Wroclaw,	Poland		
4)	Centre	Na<onal	d’Etudes	Spa<ales,	Toulouse,	France	
COST ES1206 Workshop, 21-23 February 2017, ESTEC, Noordwijk, 
The Netherlands 
 
 
 
 
Overview	
• Motivation 
• Previous results of real-time (RT) Precise 
Point Positioning (PPP) zenith total delay 
(ZTD) estimates 
• Evaluation of RT PPP ZTD estimates from 
PPP-Wizard 
• Results 
• Conclusions 
GNSS	Meteorology	
•  Assimila)on	 of	 GNSS-derived	 Zenith	 Total	 Delay	 (ZTD)	 in	
Numerical	Weather	Predic)on	(NWP)	models	
–  Has	a	reported	posi)ve	impact	on	weather	forecas)ng	
–  Is	in	prac)ce	at	various	meteorological	ins)tu)ons	
•  Low-latency	ZTD	es)mates	are	needed	for	high	update-rate	
NWP	models	used	for	now-cas)ng	
•  Meteorology	user	
requirements	for	
now-cas)ng	
(TOUGH,	2004):	
Integrated	Water	Vapour	(IWV)	
Target	 Threshold	
Horizontal	Domain	 Europe	to	Na)onal	
Repe;;on	Cycle	 5	min	 1	hour	
Integra;on	Time	 MIN(5	min,	rep	cycle)	
Rela;ve	Accuracy	 1	kg/m2	 5	kg/m2	
Timeliness	 5	min	 30	min	
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GNSS	Meteorology	
•  Assimila)on	 of	 GNSS-derived	 Zenith	 Total	 Delay	 (ZTD)	 in	
Numerical	Weather	Predic)on	(NWP)	models	
–  Has	a	reported	posi)ve	impact	on	weather	forecas)ng	
–  Is	in	prac)ce	at	various	meteorological	ins)tu)ons	
•  Low-latency	ZTD	es)mates	are	needed	for	high	update-rate	
NWP	models	used	for	now-cas)ng	
•  Meteorology	user	
requirements	for	
now-cas)ng	
(TOUGH,	2004):	
Integrated	Water	Vapour	(IWV)	
Target	 Threshold	
Horizontal	Domain	 Europe	to	Na)onal	
Repe;;on	Cycle	 5	min	 1	hour	
Integra;on	Time	 MIN(5	min,	rep	cycle)	
Rela;ve	Accuracy	 1	kg/m2	 5	kg/m2	
Timeliness	 5	min	 30	min	
Mo)va)on	for	
real-)me	
processing	
RT	ZTD	Processing	Systems	at	UL	
•  In	2014	we	evaluated	
several	RT	so]ware	
packages	(BNC,	PPP-Wizard,	
G-nut/Tefnut),	see	Ahmed	
et	al.	(2016)	
•  Since	June	2015	we	
contributed	to	the	
GNSS4SWEC	RT	Campaign	
with	2	solu)ons	based	on	
BNC	
•  In	July	2015	we	started	
modiﬁca)ons	of	PPP-Wizard	
•  Since	September	2015	we	
predominantly	worked	with	
the	PPP-Wizard.	
	
26 
Table 7 Biases in RT-PPP ZTD solutions to IGFT 
Solution Mean [cm] STD [cm] RMS [cm] 
BN01 3.17 4.61 6.04 
BN02 0.46 2.72 2.92 
PWFL 6.81 2.42 14.96 
GN01 1.16 0.82 1.43 
GN02 1.11 0.80 1.38 
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Largely due to  
no PCO corrections 
In PPP-Wizard 
•  In	2014	we	evaluated	
several	RT	so]ware	
packages	(BNC,	PPP-Wizard,	
G-nut/Tefnut),	see	Ahmed	
et	al.	(2016)	
•  Since	June	2015	we	
contributed	to	the	
GNSS4SWEC	RT	Campaign	
with	2	solu)ons	based	on	
BNC	
•  In	July	2015	we	started	
modiﬁca)ons	of	PPP-Wizard	
•  Since	September	2015	we	
predominantly	worked	with	
the	PPP-Wizard.	
	
PPP-Wizard	Modiﬁca)ons	
	PPP-Wizard	developed	by	CNES	
•  GPS/GLONASS/Galileo	observa)ons	
•  Real-)me	products	from	CNES	CLK93,	including	satellite	orbit,	clock	and	
code/phase	biases	
•  PPP	ambiguity	resolu)on	(GPS	only)	[	zero-diﬀerence	ambiguity	
resolu)on]	
	
	Modiﬁca;ons	
•  Apply	Antenna	Reference	Point	(ARP)	correc)on	from	igs08.atx	
•  Apply	receiver	PCO	+	PCV	correc)on	from	igs08.atx		
•  Solid	earth	)de	+	ocean	)de	loading	correc)on	(FES2004)		
•  ZTD	(GPT	and	Saastamoinen)	+	ZWD	(modeled	as	random	walk	process)		
•  Troposphere	Mapping	Func)on	(GMF)	
•  Eleva)on	dependent	weigh)ng	strategy	(Q	=	1/cos(zen)**2)	
	
September	2015	Analysis	
(Ding	et	al.,	2015) 
•  Real-)me	stream	of	mul)-GNSS	observa)ons	from	IGS/MGEX	
•  Real-)me	products	from	CNES	CLK93,	including	satellite	orbit,	clock	and	code/
phase	biases	
•  Eleva)on	cut-oﬀ:	7	degrees;	processing	interval	
•  A	con)nuous	analysis	of	three	weeks	(16/08/2015-05/09/2015)	is	conducted	
•  Applied	CODE	tropospheric	products	as	reference	for	accuracy	evalua)on	
•  The	ﬁrst	1	hour	of	each	ini)aliza)on	process	was	ignored	in	the	accuracy	
evalua)on	
September	2015	Results:	
Mean	RMS	of	ZWD	Diﬀerences 
GLO-only 
Float amb 
GPS-only 
Float amb 
GPS-only 
Fix amb 
GPS/GLO 
Float amb 
GPS/GLO/Galileo 
Fix amb 
(Ding et al., 2015) 
Spring	2016	Analysis	
(Ding	et	al.,	2016) 
•  Real-)me	stream	of	mul)-GNSS	observa)ons	from	IGS/MGEX	
•  Real-)me	products	from	CNES	CLK93,	including	satellite	orbit,	clock	and	code/
phase	biases	(GPS,	Glonass	and	Galileo)	
	
•  Eleva)on	cut-oﬀ:	7	degrees;	processing	interval	5	s	
•  A	con)nuous	analysis	of	1	Month	(14/02/2016-14/03/2016)	is	conducted	
•  Rela)ve	evalua)on	with	CODE	and	USNO	ﬁnal	tropospheric	products	
•  External	evalua)on	with	integrated	ZTD	from	radiosonde	proﬁles	
Real-Time	Campaign	2016	
20 Global IGS/MGEX Stations: 
Stations (GPS, Glonass, Galileo) 
Stations (GPS, Glonass) 
13 are close to radiosonde sites 
RT	Satellite	Tracking	at	BRST	
(Example	for	DOY	45,	2016)	
At least 6 GPS and 4 GLONASS satellites were tracked and on average 9 and 
7, respectively. For Galileo a maximum of 4 satellites were observed. 
RT-PPP	ZTD	Solu)ons	
•  GPS-only,	Glonass-only	and	GPS+Glonass
+Galileo	solu)ons	
•  Float	and	ﬁxed	ambiguity	solu)ons	
RT	ZTD	for	BRST	
(Example,	DOY	45,	2016)	
 All data processing modes during the two hours of DOY 45, 2016  
Ini)aliza)on	Times	for	BRST	
 All data processing modes for DOYs 45-75  
Forced re-initialization every two hours 
Average	Ini)aliza)on	Times	
All data processing modes, all stations  
Solu;on	 Average	Time	
[min]	
GFLT	 10,2	
GFIX	 9,7	
MFLT	 8,9	
MFIX	 8,5	
Example	RT	ZTD	Error	for	BRST	
wrt final troposphere products from USNO 
Mean	Biases	and	SD	of	
	RT	ZTD	wrt	USNO	
All biases and SDs are <10mm except for those for RFLT. 
Accuracy	Sta)s)cs	of	RT	ZTD	wrt	
CODE	and	USNO	Final	Products	
•  Sta)s)cs	for	both	benchmark	products	are	
similar,	with	CODE	slightly	berer	
•  RMS	of	Glonass-only	solu)on	is	the	worst	and	
of	M-GNSS	with	ambigui)es	ﬁxed	is	best.	
Radiosonde	(RS)	Observa)ons	
•  At	13	Sta)ons	it	was	possible	to	compare	to	RS	
observa)ons	
•  These	were	obtained	from	the	Na)onal	Oceanic	and	
Atmospheric	Administra)on	(NOAA)	Earth	System	
Research	Laboratory	(ESRL)	RS	database	(
hrp://esrl.noaa.gov/raobs/)		
•  Integrated	ZTDs	from	RS	proﬁles	were	calculated	
using	the	method	in	Haase	et	al.	[2003]	with	outlier	
detec)on	applied	(Dousa	and	Bennir,	2013)		
RT	ZTD	Diﬀerences	wrt	ZTD	from	
RS	observa)ons	at	WTZR	
All differences are generally within ±4 cm. RFLT is worst while the STD 
of the others is about 9 mm.  
STD	of	RT	ZTD	Errors	wrt	
RS	Observa)ons	
All stations (13) and all data processing modes  
Conclusions	
•  We	have	brieﬂy	presented	the	RT	PPP	ZTD	processing	systems	at	UL	
–  Contribu)ons	to	GNSS4SWEC	RT	demonstra)on	campaign	
–  New	RT	system	based	on	a	modiﬁed	PPP-Wizard		
•  For	the	RT	system	using	PPP-Wizard	we	ﬁnd	for	a	1-Month	comparison:	
–  Convergence,	the	results	reveal	that	an	average	ini)aliza)on	)me	of	22	min	
and	10	min	respec)vely	based	on	GLONASS-only	and	GPS-only	observa)ons	is	
required.	The	ini)aliza)on	process	can	be	accelerated	by	both	RT	PPP	
ambiguity	resolu)on	and	u)lizing	GNSS	observa)ons,	whereby	the	larer		
(observing	geometry)	is	more	eﬀec)ve	(8,4	min).		
–  Accuracy,	the	results	reveal	that	all	processing	systems	can	fulﬁll	the	user	
requirements	for	now-cas)ng,	however,		
–  the	accuracy	is	improved	more	eﬀec)vely	through	ambiguity	resolu)on	rather	
than	using	mul)ple	GNSS.	This	might	be	due	to	the	lower	quality	of	the	
Glonass	products	and	the	weigh)ng	strategy.	
–  The	best	accuracy	is	achieved	for	the	MFIX	solu)on	with	an	RMS	of	approx.	
8	mm.	
Thank	you	for	your	aren)on	
and	for	your	collabora)on!	
References	
Ahmed	F,	Václavovic	P,	Teferle	FN,	Douša	J,	Bingley	RM	and	Laurichesse	D	(2016).	Compara)ve	
analysis	of	real-)me	precise	point	posi)oning	zenith	total	delay	es)mates.		GPS	Solu)on,	20(2),	
187-199.	
Ding	W,	Ahmed	F,	Teferle,	FN,	Laurichesse,	D,	Abraha,	KE	(2015).	An	Evalua)on	of	Mul)-GNSS	
Zenith	Tropospheric	Delay	Products	based	on	Real-)me	Satellite	Products.	5th	Interna)onal	
Colloquium	Scien)ﬁc	and	Fundamental	Aspects	of	the	Galileo	Programme,	Braunschweig,	
Germany,	October	27	–	29.	
Ding	W.,	Teferle,	FN,	Kaźmierski,	K,	Laurichesse,	D,	Yuan,	Y	(2017).	An	evalua)on	of	real-)me	
troposphere	es)ma)on	based	on	GNSS	precise	point	posi)oning,	manuscript	in	review.	
	
Acknowledgements	
This	project	is	partly	funded	by	the	Fonds	Na<onal	de	la	Recherche,	Luxembourg	(Reference	No.	
6823109)	and	the	Na<onal	Natural	Science	Founda<on	of	China	(Grant	No.	41404017)	.	We	also	
acknowledge	the	COST	Ac)on	ES1206	and	its	community	for	discussions,	collabora)ons	and	
travel	funds,	and	are	thankful	to	BKG	for	their	BNC	so]ware,	the	IGS	for	real-)me	GNSS	data	and	
products,	and	NOAA	ESRL	for	the	RS	observa)ons.	
	
Contribu)ons	to		
GNSS4SWEC	WG1	RT	Campaign	
•  University	of	Luxembourg	(UL)	provided	two	RT-PPP	solu)ons	
–  Solu)on	based	on	GPS	observa)ons	only	
–  Solu)on	based	on	GPS+GLONASS	observa)ons	
•  Processing	so]ware:	BKG	Ntrip	Client	(BNC)	v2.11	
	
	
	
	
	
	
	
	
	
•  Discon)nued	due	to	poor	performance	and	development	of	new	system	based	on	a	
modiﬁed	PPP-Wizard	
Real-Time	Solu;on:	 ULXG	 ULXR	
Processing	Strategy	 PPP	 PPP	
Observa;ons	Used	 GPS	Only	 GPS+GLONASS	
Processing	Engine	 BNC	2.11	 BNC	2.11	
Input	Raw	Data	 Real-)me	streams	
(RTCM3)	
Real-)me	streams	
(RTCM3)	
Input	Clock	Stream	 IGS03	(IGS)	 IGS03	(IGS)	
Input	Ephemeris	Stream	 RTCM3EPH	(IGS)	 RTCM3EPH	(IGS)	
Ambiguity	Resolu;on	 No	 No	
